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Abstract  

ard.   the  Nat ional  Bureau o f  Standards (NBSI develoDed 
Based on a comnercial ly  avai lable  rubidium  stand- 

a portable  rubidium  c lock.Technica1  modif icat ions  which 
improve  the  temperature  and  magnetic  environment  char- 
a c t e r i s t i c s   a l l o w   s t a b i l i t i e s   i n   t h e  10-12range 
under t yp i ca l   c l ock   t ranspor t   cond i t i ons .  The physi- 
c a l   s i z e   i s  such t h a t   t h e   c l o c k  can  be c a r r i e d  as  hand- 
baggage on  comnercial a i r l i n e s   a l l o w i n g  up t o  18-hours 
cont inuous  battery  operat ion.  

I n t roduc t i on  
For time comparisons w i t h   p r e c i s i o n s   o f   b e t t e r  

than a few  microseconds  between d i s t a n t   l o c a t i o n s ,  
cesium  c locks  are  used  exclusively  at   present.  The 
use o f  these  devices i s  no t   w i thout   cons t ra in ts  and 
problems due t o   t h e i r   s i z e  as w e l l  as t h e i r   r e l a t i v e l y  
h igh power demands. For example, wi th  reasonable and 
po r tab le   ba t te ry  power suppl ies,   avai lable  cesium 
clocks  must be powered f rom  ou t l e t s  on the   a i rp lane  on 
any t r a n s -   o r   i n t e r c o n t i n e n t a l   t r i p .   T h e i r   s i z e   r e -  
qu i res  the  purchase  o f  a separate  seat, and t h e i r  
weight   necess i ta tes  usual ly  two  persons t o  handle  the 
c lock.  As a resul t ,   ces ium  c locks  not   on ly  pose 
l o g i s t i c s  problems  but  these  problems  also  affect 
t h e   r e l i a b i l i t y   o f   t i m e  comparisons. 

Comnercial  cesium  clocks  are  under  development 
which  promise  s ign i f icant   reduct ion o f  the above prob- 
lems.  Nevertheless, i t  appeared  prudent t o   e x p l o r e   t h e  
poss ib i l i t i es   o f   sma l l ,   commerc ia l l y   ava i l ab le   rud ib ium 
s tandards ,   wh ich   o f fe r   the   po ten t ia l   o f   very   smal l  
c lock packages. Even mai lable  c locks appear feas ib le .  

Technical  Data 

par isons   w i th   e r ro rs   o f   less   than 1"s can be s ta ted  
The genera l   s tab i l i t y   requ i remen t   f o r   t ime  com- 

as* 

where T i s  t h e   i n t e r v a l   i n  seconds  between the  t ime 
comparisons a t  two  remote  locations. From t h i s  i t  i s  
obv ious   tha t   on ly   env i ronmenta l   e f fec ts   a re   o f  con- 
cern. F o r  long   c lock   t r ips   (a  few  hours to   one-ha l f  
day)  environmentally  induced  frequency changes should 
be i n d i v i d u a l l y  i n  the  range  or   ca lcu lab le.  

vironmental  changes:  a) i n   pos i t i on ,   b )   i n   t empera tu re ,  
c)   in   barometr ic   pressure.  The performance o f   t h e  
p a r t i c u l a r   u n i t   w h i c h  NBS acquired was tes ted   aga ins t  
these  requirements.  For  atomic  frequency  standards, 
frequency changes  due t o   r e - p o s i t i o n i n g   a r e   p r i n c i -  
p a l l y   m a g n e t i c   f i e l d   e f f e c t s .  The performance o f   t h e  
u n i t  under t e s t  was: 
(a )   pos i t ion   (magnet ic   f ie ld )  + up t o   s t r o n g l y  

On a t r ip ,   the   c lock   encounters   th ree   ma jor  en- 

dependent on t h e   p a r t i c u l a r   p o s i t i o n ,  i . e . ,  o f  
t h e   o r i e n t a t i o n   i n   t h e   e a r t h ' s   m a g n e t i c   f i e l d .  

(b)  temperature + approximately 4 x 10-l2/C 

(c)   barometr ic  pressure + par ts   in   10   f rom 9 
atmospheric  pressure  to vacuum. 

It was suspected  that   the  barometr ic   e f fect  
was re la ted   t o   t empera tu re ,   i n   pa r t i cu la r ,  tempera- 
tu re   g rad ien t   e f fec ts  and that   the  barometr ic   sens i -  
t i v i t y  would  be much less  around  atmospheric  pressure. 
We therefore  dec ided  to   reduce  the  magnet ic   f ie ld  and 
tempera tu re   sens i t i v i t y  and hope f o r  a corresponding 
r e d u c t i o n   i n   t h e   b a r o m e t r i c   s e n s i t i v i t y .  

The e x i s t i n g   o u t e r   m a g n e t i c   s h i e l d   o f   t h e   u n i t   i s  
p a r t i a l l y  reworked t o   e l i m i n a t e  by  adequate overlaps 
any  gaps i n   t h e   s h i e l d ,  and t o   p r o v i d e   a t   l e a s t  7 mm 
distance  everywhere  to  the  inner  shield.  A t h i r d  
magnet ic  shield i s  added  and the space i n s i d e   o f   t h i s  
s h i e l d  was f i l l e d   w i t h  foam. T h i s   l a t t e r  measure 
h igh l y   reduces   convec t i ve   coo l i ng   o f   t he   un i t  and 
forces  the  mount ing  (base)  p late  to  act  as the   on ly  
s ign i f i can t   hea t -s ink .   Th i s   reduces   t he   poss ib i l i t y   o f  
temperature  gradients  wi th in  the  uni t   which  would 
depend on t h e   s t a t e   o f   a i r   c i r c u l a t i o n  around  the  un i t .  

The comrc ia l   rub id ium  s tandard   f ea tu res  tem- 
perature  compensation  via  current  feedback  into  the 
in ternal   magnet ic   f ie ld ,   i .e . ,   the  a tomic  f requency  is  
changed magne t i ca l l y   t o  compensate for   temperature 
induced  f requency  sh i f ts .   In  a ser ies   o f   tempera ture  
tests   f rom 26 C t o  40 C a t   the  baseplate  an optimum 
adjustment   for   th is   feedback was experimental ly  found. 
In order   to   "harden"   the  rub id ium  s tandard  against  
shock  and v i b r a t i o n ,   c r i t i c a l   e l e c t r o n i c  components are 
glued down and the  adjustable  magnet ic  f ie ld  potent iometer 
i s  replaced by a f i x e d   r e s i s t o r .  The u n i t   i s  mounted 
w i t h   i t s   b a s e p l a t e   i n s i d e  a c a r r y i n g  case, thus  securing 
adequate  cooling. A b a t t e r y  power  pack i s  i ns ide   t he  
case inc lud ing   charg ing   c i rcu i ts   f rom 110 V o r  220 V 
(switchable)  powerl ine  vol tage. The c h a r g i n g   c i r c u i t s  
are  se l f -protect ing;   thus,  no precaut ion  is   necessary 
i n  connect ing  or   d isconnect ing  f rom  powerl ine  service.  
The ba t te r ies   a re   o f   the   sea led   lead-ac id   type .  

adequate b u f f e r i n g  and 50 .Q l o a d   c a p a b i l i t y   f o r   t h i s  
and the 10 MHz ou tpu t   i s   p rov ided .  

given i n  Table 1. F igure 1 shows a photo o f   t h e  
complete  unit .   Table 1 c l e a r l y  shows, that ,  as  ex- 
pected,  the  barometric  problem  has become to le rab le .  

A d i v i d e r   c i r c u i t   p r o v i d e s  one pulse  per second; 

The c h a r a c t e r i s t i c s   o f   t h e   p o r t a b l e   c l o c k   a r e  

Conclusions 
The c lock  has proved i t s e l f   i n  a t r i p   t o  the U. S. 

Naval  Observatory i n  Washinaton, D C . * * I t  demonstrated 
i t s   l o n g   b a t t e r y p o w e r e d   o p e r a t i o n ,   i t s   p o r t a b i l i t y  as 
carry-on  luggage, and, most  importantly, i t s   c a p a b i l i t y  
t o   t r a n s p o r t   t i m e   w i t h  a p r e c i s i o n   o f   0 . 1 ~ ~ .  The  measu- 
red   t ime   d i f f e rence  was A t  = UTC(NBS)-UTC(USN0) = 7 .63~s .  
The Loran-C  values  suggested A t  = 7us. An independent 
cesium c l o c k   t r i p   c a r r i e d   o u t  by a commercial company 
(J .  Marshal l ,   pr ivate  comnunicat ion) two weeks l a t e r  
y ie lded  A t  = 7.56 PS. It appears  possible  that  by 
use o f  modern, l i gh twe igh t   ba t te r i es   (e .g .   s i l ve r -z inc )  
the  weight  could be  reduced to   l ess   t han  10 Kg. This 
would  a l low  unat tended  c lock  t ranspor t   v ia   a i r   cargo.  
Also, s e a l i n g   t h e   u n i t   a i r t i g h t  would  highly  reduce 
the  remaining  barometr ic  sensi t iv i ty.   Al though  the 
present  value i s  n o t   l i m i t i n g  because t h e   a i r c r a f t  
cabin  pressure i s   r e l i a b l y   a t  600 t o r r  f 5%, i t  would 
o f f e r  added convenience and would make unattended 
t r i p s   e a s i e r .  

The cooperation and h e l p   o f  G. M. R .  W ink le r   o f  
the U. S. Naval  Observatory i n   t h e   t a k i n g   o f   d a t a   i s  
very much appreciated. 

* 0 (T) i s   the   squareroo t  o f  the 2-sample variance Y 
o f   f rac t i ona l   f requency   f l uc tua t i ons .  

** 26 May 1975. 



SIZE: 

WEIGHT: 

BATTERY-POWERED  OPERATION: 

42  X 24 x 19 cm (16.5 x 9.5 x 7.5 inch) 

21  Kg ( 4 6  lb) 

18  hours 

RECHARGING TIME (from  fully  discharged) : 

Built-in  supply  (0.3A) c 

External  charger  (1.5A) e 

OUTPUT: 

STABILITY: 

MAGNETIC  FIELD: 

TEMPERATURE: 

(A) 10 MHz, "rms into 

(B) 1 PPS, 5 v  PP 
into 

positive,  10 na risetime 

BAROMETRIC  SENSITIVITY: 

4 days 
20 hours 

50 R 
50 R 

U = 5 x 10-1~T-+ Y 
Flicker  floor = 1 X io-" 

Drift  1 x lo-' '/day 

Change  for any 
orientation  in 5 1 X IO-' 
earth's  field 

2 X 1o-l3/Oc 
(Total  change  for  26OC -4OoC 

at  Baseplate: - 2 x lo-' ' 1  

5 1 x 10- "/torr 
(Total  change  from  sea  level  to 

6 0 0  torr: + 1 . 8  x lo-" 

385 



FIGURE 1 PHOTO OF THE NBS RUBIDIUM CLOCK 
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